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[57] ABSTRACT

A dual output simultaneous firing circuit which pro-
vides a means for exploding fuse wires with a simultane-
ity of 20 to 200 nanoseconds even though the break-
down voltages of the fuse safety gaps have a large dis-
parity. A DC voltage charges high voltage capacitors.
When the charge voltage reaches the lower breakdown
voltage of one safety gap, that fuse explodes. A balanc-
ing transformer induces momentarily an equal voltage
which adds to the existing voltage on the undischarged
capacitor. The additional charge breaks down the other
safety gap causing the other fuse to explode.

7 Claims, 1 Drawing Figure
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DUAL OUTPUT SIMULTANEOUS FIRING
, | CIRCUIT -

BACKGROUND OF THE INVENTION

1. Field of the Invention o |
~ The present invention relates to fuse ﬁrmg circuits,
and more particularly to a fuse ﬁrlng 01rcu1t for explod-
ing two fuses smultaneously A

2. Description of Prior Art

For aerospace applications various vehlcle events are
triggered by pyrotechnic devices such as exploding
bridgewire fuses. Many apphcatlons requlre the initia-
tion of two events simultaneously, or require redun-
dancy to assure initiation of one event. Previous aero-
space vehicles have used a single firing circuit for each

pyrotechnic device. Due to the difference in character-
istics between pyrotechnic devices, simultaneity of ; nutl-:

atlon was of the order of several mllhseconds

SUMMARY OF THE INVENTION

Accordingly, the present mventlon prowdes a dual
output simultaneous firing circuit for exploding fuse
wires with a simultaneity of 20 to 200 nanoseconds even
though the characteristics of the fuse safety gaps have a
large disparity. A DC voltage charges two high voltage
capacitors. When the charge voltage reaches the lower
breakdown voltage of one safety gap, that capacitor
discharges to explode one fuse. A balancing trans-
former, having each winding connected in series be-
tween a capacitor and fuse combination, momentarily
induces an equal voltage which adds to the existing
voltage on the undischarged capacitor. The additional
voltage breaks down the other safety gap, causing the
second fuse to explode

Therefore, it is an object of the present invention to
provide a firing circuit for detonating two pyrotechnic
devices simultaneously.

Another object of the present invention is to provide
a firing circuit which detonates two exploding bridge-

wire fuses simultaneously despite a safety gap break-
down voltage differential of two-to-one.

Yet another object of the present invention is to pro-
vide a firing circuit which detonates two fuses with a
simultaneity of the order of 20 to 200 nanoseconds.

Other objects, advantages and novel features will be
apparent from the following detailed description when
read in conjunction with the appended claims and at-
tached drawing.

BRIEF DESCRIPTION OF THE DRAWING

The FIGURE is a schematic diagram of a dual output
simultaneous firing circuit according to the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the FIGURE an AC voltage is
applied to the primary of a transformer T1. The second-

ary of the transformer T1 elevates the primary voltage

to a high voltage AC. A full wave rectifier CR1 con-
nected across the secondary of the transformer T1 con-
verts the high voltage AC to a high voltage DC.

A first capacitor C1 and a second capacitor C2 are
connected 1n parallel through optional isolation diodes
D1, D2, respectively, on one side and through fuses F1,
F2, respectively, via ground on the other side to the
output of the full wave rectifier CR1. Each capacitor
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'C1, C2 has a voltage divider network R1, R2, and R3,

2

R4, respectively, connected across it. The voltage di-

vider networks, R1, R2, and R3, R4, provide monitor
‘points M1, M2 at the respective junctions of R1, R2 and

R3, R4. The one side of the first capacitor C1 is con-
nected ‘also. in series with: one winding of a balancing

transformer T2 to the safety gap G1 of the fuse F1. The

one side.of the second capacitor C2 is connected like-
wise in series with the other winding of the balancing

transformer T2 to the safety gap G2 of the other fuse

F2. The capacitors C1, C2 are connected to the balanc-

-ing transformer T2 such that when one capacitor dis-
-charges through one winding a voltage is induced in the -

opposite winding which adds to the voltage of the other
capacitor.

The high voltage DC from the full wave rectifier
CR1 charges the capacitors C1, C2 through the respec-
tive ground returns. When the charge voltage on either
capacitor C1 or C2 reaches the lower breakdown volt-
age of the two safety gaps G1, G2, the particular gap

_breaks down and causes that fuse F1 or F2 to explode.

For example, if the safety gap G1 has the lower break-
down voltage, the fuse F1 explodes first and the voltage

- of the first capacitor C1 drops suddenly to zero. As the

first capacitor C1 discharges the balancing transformer
T2 winding 1-2 induces momentarily an equal voltage
in winding 3—4 which adds to the existing charge on the
second capacitor C2, causing the voltage on the second
capacitor to momentarily double. The voltage on the
second capacitor C2 1s now sufficient to break down the
other safety gap G2, causing the fuse F2 to explode.
The time between detonations of the fuses F1, F2 is on
the order of 20 to 200 nanoseconds.

The voltage divider networks R1, R2 and R3, R4
provide a means for monitoring at points M1, M2 the
dynamic voltages of the capacitors C1, C2, respec-
tively; and also provide a means for determining
whether the fuses F1, F2 are properly mated at the
connectors J1, J2. When the fuses F1, F2 are not con-
nected, the appropriate monitor point M1, M2 indicates
an open circuit to ground, while when properly mated
a low resistance equivalent to R2 or R4 is indicated.
The voltage divider networks R1, R2 and R3, R4 also
serve as bleeder resistors for the capacitors C1, C2
when the fuses F1, F2 are disconnected.

The balancing transformer T2 does not degrade the
output current amplitude or rise time since it i1s con-
structed of a square loop, i.e. Orthonol, torroid having
three to six turns, resulting in a very low leakage induc-
tance. If one safety gap G1, G2 1s open circuited, very
little degradation of output current occurs because the
core saturates, whereas 1n normal operation the core 1s
slightly below saturation.

Thus, the present invention provides a dual ocutput
simultaneous firing circuit which replaces a power cir-
cuit of two devices to reduce the number of compo-
nents and total weight, and which reduces the simulita-
neity of detonation to 20 to 200 nanoseconds with an
attendant overall increase in reliability.

We claim:

1. A dual output simultaneous firing circuit compris-
Ing:

(a) a first capacitor connected in parallel to a first fuse
having a first gap such that when the charge on
said first capacitor exceeds the breakdown voltage
of said first gap, said first fuse explodes as said first
capacitor discharges;
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(b) a second capacitor connected. in parallel to a sec-
ond fuse having a second gap such that when the
voltage on said second capacitor exceeds the
breakdown voltage of said second gap; said second
fuse explodes as said second capacitor: discharges;

(c) means connected to said first and second capaci-
tors for.inducing an additive voltage to one of said
capacitors when the other discharges; and

(d) means for charging said first and second capaci-
tors simultaneously to a high DC voltage when
said fuses are connected. =~

2. A dual output simultaneous firing circuit as recited

in claim 1 further comprising means for isolating said
first and second capacitors. | |

3. A dual output simultaneous firing circuit as recited

in claim 2 wherein said isolating means comprises:

(a) a first diode connected in series between said first

capacitor and said charging means to isolate said
first capacitor; and

(b) a second diode connected in series between said
first capacitor and said charging means to 1solate

said second capacitor.
4. A dual output simultaneous firing circuit as recited
in claim 1 further comprising means for monitoring said
dual output simultaneous firing circuit.
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5. A dual output simultaneous firing circuit as recited

in claim 4 wherein said monitoring means comprises:
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(a) a first voltage divider network connected in paral-
‘lel to said first capacitor to monitor the dynamic
~ voltage of said first capacitor, to indicate whether
said first fuse is connected, and to bleed said first
capacitor when said first fuse is disconnected; and
(b) a second voltage divider network connected in
parallel to said second capacitor to monitor the

~ dynamic voltage of said second capacitor, to indi-
‘cate whether said second fuse is connected, and to
bleed said second capacitor when said second fuse .
is disconnected.

6. A dual output simultaneous firing circuit as recited
in claims 1, 3 or § wherein said inducing means com-
prises a balancing transformer having a first and second
winding, said first winding being connected in series
between said first capacitor and said first gap and said
second winding being connected in series between said
second capacitor and said second gap such that the
discharge of one of said capacitors induces a voltage
which adds to the charge of the other of said capacitors.

7. A dual output simultaneous firing circuit as recited
in claim 6 wherein said charging means comprises:

(a) means for transforming a primary AC voltage to a

high value AC voltage; and

(b) means for converting said high value AC voltage

to a high DC voltage to charge said first and sec-

ond capacitors.
& % & %
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